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fS TEOBLAST SPECIHC TRANSCRIPTION FACTOR RUNX2 AND USE THEREOF 

— ^ (57) Abstract: The present invention relates to expression vector comprising consensus nucleotide sequence of osteoblast specific 
^ factor binding element 2 (0SE2) and reporter gene, transfected cell line with said vector and method for screening osteogenesis- 
promoting materials using said transfected cell line. The transfected cell line of the present invention contains nucleotide sequences 
^ targeted by transcription factor Runx2 which can control the differentiation of osteoblast. It allows different expression pattern of 
^ reporter gene and quantitative measurement of Runx2 expression in the cell. So, it can be used usefully for the screening of the 
^ osteogenesis-promoting materials and for the studying of cellular signal transduction pathway. 
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Transfected Cell Line Which Can Be Used for Mass 
Screening of tJie Expression of Osteoblast Specific 
Transcription Factor Runx2 and Use Thereof 

5 FIELD OF THE INVENTION 

The present invention relates to expression vector 
comprising consensus nucleotide sequence of osteoblast 
specific factor binding element 2 (0SE2) and reporter 

10 gene^ transfected cell line with said vector and method 
for screening osteogenesis-promoting materials using 
said transfected cell line. Particularly, it relates 
to expression vector comprising 0SE2 sequence and 
reporter gene, wherein 0SE2 sequence is common to 

15 promoters of proteins whose expression indicate the 
differentiation of osteoblast, transfected cell line 
with said vector and method for screening osteogenesis- 
promoting agents using said transfected cell line. The 
transfected cell line of the present invention contains 

20 nucleotide sequences targeted by transcription factor 
Runx2 which can control the differentiation of 
osteoblast. It allows different expression pattern of 
reporter gene and quantitative measurement of Runx2 
expression in the cell. So, it can be used usefully 

25 for the screening of the osteogenesis-promoting 
materials and for the studying of cellular signal 
transduction pathway. 

1 
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BACKGROUND 

Bony tissue is one of the connective tissues 
comprised of bone cells and extracellular matrices, 
5 but is different from other connective tissues in that 
the ossified connective substances within the 
extracellular matrices are inorganic. The inorganic 
substances consist mainly of calcium phosphate which 
exists as hydroxyapatite crystals (Caio(P04) g(OH) 2) . 

10 Bony tissue is hard enough to support and defend 
against physical stresses of the body. So, its 
fracture, density reduction or damages attributed by 
pathogenic changes may cause the body to suffer from 
deformity- If bony tissue is damaged or removed by 

15 any reasons, it has to be regenerated naturally or 
needs to be substituted with prosthesis or bony 
materials from another parts of the body by surgery. 
In addition, ' healing of the physically broken 
(fractured) bone or surgically damaged bone requires 

20 various prosthetic tools, including artificial bones. 
In this case, however, it takes a significantly long 
period of time for the recovery of bone to its 
original feature and function, so the patient should 
be suffered from serious physical and mental stresses - 

25 Furthermore, as the healing procedure becomes long, 
the damaged part is increasingly apt to be under 
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microbial infection. So^ perfect curing effect may 
not be expected. 

There remains an urgent need to develop materials 
5 to facilitate the healing process (regeneration) of 
damaged bony tissues caused by osteoporosis, bone 
fracture or surgery. However, the main purpose of 
osteogenesis-promoting materials known to date, such 
as bisphosphonates, calcitonin, estradiol or vitamin D, 

10 is to suppress the resorption of bony materials, 
making them useless for the regeneration of damaged 
bones. So, there are many efforts to find out new 
materials which can promote osteogenesis and there 
needs to develop method for the mass-screening of many 

15 materials with less time. 

The expression of Runt domain-possessing Runx2 
transcription factor (the same name as 
Cbfal/Pebp2aA/AML3/Osf2) is known to be essential to 

20 the osteoblast differentiation. The expression of 
Runx2 is restricted to the tissues undergoing active 
osteogenesis. Osteogenesis is completely suppressed 
when the gene is deleted by gene knockout techniques 
(Komori et al.. Cell), and the expression of the gene 

25 is promoted by cytokines or hormones which can promote 
osteogenesis (Lee et al., J. Cell Blochem., 1999, 73, 
114-125) . That is, the regulation of osteoblast 

3 
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differentiation is achieved at the highest level on 
hierarchy by transcription factors such as Dlx5 or 
Runx2, of which expression is regulated by 
extracellular signaling materials such as BMP-2, TGF- 
5 pi and FGF2. They can promote differentiation from 
stem cell to osteoblast by promoting the expression of 
osteoblast differentiation markers such as osteoclacin, 
osteopontin, type I collagen and bone sialoprotein . 
Consequently, transcription activity of Runx2 after 

10 drug treatment can be considered to be proportional to 
osteogenesis-inducing ability of that drug, because 
Runx2 is transcription factor which can regulate 
osteogenesis at the highest level on hierarchy and its 
expression is elevated by the osteogeneis promoting 

15 factors. So, the expression of Runx2 can be important 
criteria to decide osteogenesis-inducing ability by 
that drug. 

Meanwhile, osteoblast specific factor binding 
20 element 2 (hereinafter, referred to as ^^0SE2") exists 
in the promoter regions of osteoblast specific marker 
proteins such as osteocalcin, osteopontin and bone 
sialoprotein etc., and osteoblast specific 
transcription factor, Runx2, can bind to the element. 
25 So, an agent which can increase the expression of 
Runx2 can also increase all the osteoblast specific 
promoter activities. That means, if we can determine 
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the extent of the increase of promoter activity, it 
can theoretically be possible to screen thematerial 
that can increase the expression of Runx2, i.e. the 
osteogenesis-inducing materials. But, their promoter 
5 activities did not show remarkable changes by the 
treatment of Runx2 expression-promoting factors such 
as BMP-2 or .FGF2 (Lee et al., J"; Cell Blochem., 1999, 
73, 114-125; Harada H. et al., J. Biol. Chem., 1999, 
274(11), 6972-6978). The reason is that there are 

10 several controlling regions in the promoter of several 
transcription factors more than 1 kb in length, 
lowering the specificity for Runx2, and the action of 
several transcription factor are compensated with each 
other, making it difficult to show remarkable changes 

15 of promoter activity. Thus, in this invention, Runx2 
specificity and sensitivity of the reporter construct 
are greatly increased by using 6 concatamers of Runx2 
binding site {6xOSE2) . In addition, to reduce the time 
and expense for the repeated transfection of the same 

20 reporter vector, and to overcome possible 
disadvantages originated from inconsistent 

transfection efficiency in- or between-experiments, a 
stable cell harboring 6xOSE2-Luc was established for 
mass-screening . 

25 So, the present inventors constructed expression 

vector comprising multimers of 0SE2 consensus sequence 
which exists in the promoter region of proteins such 
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as osteocalcin, type I collagen and bone sialoprotein 
which are specific-markers for the osteoblast 
differentiation, and transfected cell line with said 
expression vector. And, the present inventors 
5 completed the presented invention by showing that the 
transfected cell line of the present invention can be 
used effectively for the screening of the 
osteogenesis-promoting materials . 



10 ST3MMARY OF THE INVENTION 

The object of the present invention is to provide 
transfected cell line that can easily and 
quantitatively measure the transcription activity of 
Runx2, and method for screening osteogenesis-promoting 
15 materials using said transfected cell line. 



I BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. lA is a result of Northern blot analysis 
showing the induction of Runx2 mRNA expression by 
20 treatment of 1 ng/ml concentrations of FGF2 in several 
cell lines. 

MC ; MC3T3-E1, ROS ; ROS 17/2.8 

Fig- IB is a result of Northern blot analysis 
showing the induction of Runx2 mRNA by treatment of 
25 several concentrations of FGF2 in MC3T3-E1 cell line. 



6 



THIS PAGE BUHKl«sn<» 



wo 02/072842 PCTAKROl/02067 



Fig. IC is a result of Northern blot analysis 
showing the induction of Runx2 mRNA in MC3T3-E1 cell 
line which was treated or was not treated with FGF2 in 
the presence or absence of a protein synthesis 
5 inhibitor, cycloheximide . 

CHX ; cycloheximide 

Fig- ID is a result of Northern blot analysis 
showing the induction of Runx2 mRNA by treatment of 
FGF2 or FGF4 in MC3T3-E1 cell line. 
10 Fig. IE is a result of Western blot analysis 

showing the expression of Runx2 protein by FGF2 
treatment . 

Fig. 2A is a photograph showing the effect of 
implanted FGF2-soaked beads on sagittal suture closure 
15 in developing mouse calvaria of E15.5 (embryonic day 
15.5) in organ culture for 48 hours. 

Fig. 2B is a photograph showing the expression of 
Runx2 by in situ hybridization at the sagittal suture 
closure of E15.5 mouse transplanted with FGF2- or BSA- 
20 soaked beads. 

Fig. 3 is a graph showing 6xOSE2 promoter activity 
in the transiently transfected several cell lines. 

■ : control, □ : FGF2 

Fig. 4 is a graph showing the influence of several 
25 cytokines on 6XOSE2 promoter activity in the 
transiently transfected C2C12 cell line. 

■ : control, □ : FGF2, 0 : BMP2, S : TGFP 
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Fig. 5 is a graph showing the influence of the 
FGF2 concentrations on 6XOSE2 promoter activity in the 
transiently transfected C2C12 cell line. 

Fig. 6 is a graph showing the influence of the 
5 constitutively active FGF2 receptor IFR2C342Y or 
FR2Y340H) on 6XOSE2 promoter activity in the 
transiently transfected several cell lines - 

Fig. 7A is a graph showing 6XOSE2 promoter 
activity on the cell line with or without treatment of 
10 FGF2, when vector having one of two isotypes of Runx2 
(Pebp2aA or Osf2) and 6XOSE2-luc vector of the present 
invention were co-transf ected to the cell line which 
does not express Runx2. 

Fig. 7B is a graph showing 6XOSE2 promoter 
15 activity on the cell line, when vector having one of 
two isotypes of Runx2 (Pebp2aA or Osf2), 6XOSE2-luc 
vector of the present invention and plasmids having 
constantly active FGF receptor (FR2C342Y or FR2Y34 0H) 
were co-transf ected to the cell line which does not 
20 express Runx2 (Runx2 -/-) . 

Fig. 8 is a graph showing 6XOSE2 promoter activity 
on stably transfected cell clones. 

■ : control, □ : FGF2 

Fig. 9 is a graph showing 6XOSE2 promoter activity 
25 with respect to the numbers of #3 clones. 

■ : control, □ : FGF2 

Fig. 10 is a graph showing 6XOSE2 promoter 
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activity with respect to the niombers of #5 clones. 

A : 6XOSE2 promoter activity with respect to the 
niomber of cells. 

B : 6XOSE2 promoter activity was normalized by 
5 total cellular proteins (/mg) 

■ : control, □ : FGF2 

Fig. 11 is a graph showing 6XOSE2 promoter 
activity with respect to the numbers of #29 clones. 

A : 6XOSE2 promoter activity with respect to the 
10 number of cells. 

B : 6XOSE2 promoter activity per normalized total 
cellular proteins (1 mg/ml) 

■ : control, □ : FGF2 

Fig, 12 is a graph showing the influence of FGF2 
15 concentrations on 6XOSE2 promoter activity in #3, #5 
and #29 clones. 

Fig. 13A is a result of Northern blot analysis 
showing the expression of Runx2 mRNA induced by FGF2 or 
FGF4 treatment in the #3 clones stably transfected with 
20 p6XOSE2-Luc vector of the present invention. 

Fig. 13B is a graph showing relative lucif erase 
activity induced by FGF2 or FGF4 treatment in the #3 
clones stably transfected with p6XOSE2-Luc vector. 

Fig. 14A is a result of Northern blot analysis 
25 showing Runx2 expression and a graph showing luciferase 
activity in the cell line stably transfected with 
p6XOSE2-Luc vector which was treated with or without 
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FGF2 or the inhibitor of Erkl/2 MAP kinase, PD98059(PD). 

Fig. 14B is a result of Northern blot analysis 
showing Runx2 expression and a graph showing luciferase 
activity in the cell line stably transfected with 
5 p6XOSE2-Luc vector which was treated with or without 
FGF2 or the inhibitor of p38 MAP kinase, SB203580 (SB) . 

Fig. 14C is a result of Northern blot analysis 
showing Runx2 expression and a graph showing luciferase 
activity in the cell line which was stably transfected 
10 with p6XOSE2-Luc vector and was introduced or was not 
introduced with expression vector of JNK inhibitor, a 
dominant negative form of MEKKl (DN-MEKKl) and was 
treated with or without FGF2 

Fig. 15A is a result of Northern blot analysis 
15 showing Runx2 expression in the cell line stably 
transfected with p6XOSE2-Luc vector with or without 
treatment of 1 |iM PKC inhibitor Calphostin C (Cal C) 
and 10 ng/ml FGF2. 

Fig. 15B is a graph showing luciferase activity in 
20 the cell line stably transfected with p6XOSE2-'Luc 
vector with or without treatment of 1 jiM PKC inhibitor 
Calphostin C (Cal C) and 10 ng/ml FGF2. 

Fig. 15C is a graph showing luciferase activity in 
the Runx2{-/-) cell line which does not express Runx2 
25 and was transfected or was not transfected with Runx2- 
Osf2 expression vector with or without treatment of 1 
JiM PKC inhibitor Calphostin C (Cal C) and 10 ng/ml FGF2. 



wo 02/072842 



PCT/KROl/02067 



Fig. 16 is a diagram showing signal transduction 
pathway concerning the expression of Runx2 and the 
activity of Runx2 protein induced by FGF treatment. 

5 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

A terminology and technology referred in the 
present detailed description are used as general 
meaning of the technical fields which includes the 
present invention. In addition, references mentioned 
10 in the present detailed description are all included in 
the present detailed description for describing the 
present invention - 

The present invention provides p6XOSE2-Luc 
15 expression vector comprising consensus nucleotide 
sequence of osteoblast specific factor binding element 
and reporter gene.. 

The present invention further provides a 
transfected cell line with said expression vector. 
20 In addition, the present invention provides method 

for screening osteogenesis-promoting materials using 
said transfected cell line. 

The present invention will be further elucidated 
25 hereinafter. 



11 
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The present invention provides p6XOSB2-Luc 
expression vector comprising consensus nucleotide 
sequence of osteoblast specific factor binding element 
and reporter gene. 
5 The differentiation of osteoblast should be 

preceded in order to promote osteogenesis. The 
expression of various proteins such as osteocalcin, 
osteopontin, type I collagen and bone sialoprotein 
represents the differentiation of osteogenesis. There 

10 is 0SE2 nucleotide sequence which is osteoblast 
specific element in the promoter region of these genes, 
and the osteoblast-specif ic factor, Runx2, is a 
transcription factor that increases the expression of 
these genes by binding to the 0SE2 sequence. . 

15 The present inventors constructed multimer which 

was made by multiply connecting the consensus sequence 
of osteoblast specific factor binding region existing 
in osteocalcin, and a vector comprising said multimer 
nucleotide sequence and lucif erase as a reporter gene. 

20 The multimer nucleotide sequence of the present 
invention is represented preferably by SEQ. ID. N0:1 
which comprises consensus nucleotide sequence of 
osteoblast specific factor binding element, PuACCPuCA, 
and more preferably is oligomer which comprises said 

25 sequence multiply, and most preferably is 6XOSE2 
sequence represented by SEQ. ID. NO: 2 which contains 6- 
repeating series of said sequence. The reporter gene 
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of the present invention can be selected from a group 
composed of luciferase, p-galactosidase, GFP (green 
fluorescent protein) and CAT (chloramphenicol 
acetyltransf erase) , of which luciferase is preferred. 
5 As above, the present inventors constructed 

expression vector comprising multimer nucleotide 
sequence represented by SEQ. ID. No: 2 and luciferase 
gene as a reporter gene, and named it as ^^6xOSE2-Luc'' 
vector. 

10 

The present invention further provides a 
transfected cell line with said expression vector. 

First, the present inventors investigated the 
effect of known osteogenesis-promoting materials on the 

15 Runx2 expression from several cell lines as a 
preliminary experiment to confirm whether the 
transfected cell line with expression vector of the 
present invention, p6XOSE2-Luc, well reflects the 
expression of the Runx2 in cells. MC3T3-E1, ROS 17/2.8 

20 and C2C12 is preferable as a host cell, C2C12 being the 
most preferred cell line. 

As a result of measuring the expression of Runx2 
mRNA induced by treatment of FGF2 which is known 
osteogenesis-promoting material, to MC3T3-E1, ROS12/2.8 

25 and C2C12 cell lines, it was found that the Runx2 
expression in all of the cell lines treated with FGF2 
had highly increased (see Fig. lA) , and Runx2 protein 
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was also expressed by translation of Runx2 mRNA (see 
Fig. IE) . The basal Runx2 mRNA level was high in the 
osteoblastic cell lines, ROS 17/2.8 and MC3T3-E1 cell, 
compared with the C2C12 cell line. Especially, Runx2 
5 was highly expressed in the osteosarcoma-originated ROS 
17/2.8 cell line. On the other hand, myoblast- 
originated C2C12 cell line showed lower basal mRNA 
level, but the extent of the increase of Runx2 mRNA 
induced by FGF2 treatment was relatively high. 

10 The measurement of the Runx2 expression induced by 

different concentrations of FGF2 treatment shows that 
the Runx2 expression was increased proportionally 
according to FGF2 concentration. However, after adding 
a certain concentration of FGF2 (10 ng/ml), the Runx2 

15 expression did not show any great differences (See Fig. 
IB) . Confirming whether the cell lines treated with 
FGF4 shows the same pattern of increase of Runx2 
expression as in the case of FGF2 treatment, it was 
found that FGF4 could induced the expression of Ruhx2 

20 mRNA, as in the case of FGF2 (see Fig. ID) . 

In result, it was found that the expression of 
Runx2 mRNA is increasing proportionally with respect to 
the increased FGF2 concentrations, and FGF2 could 
induce the expression of Runx2 protein in cells. 

25 

To investigate whether Runx2 could be expressed by 
FGF treatment in vivo, the present inventors performed 

14 
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in situ hybridization ex vivo using FGF2-soaked heparin 
acryl beads. As a result, when FGF2 was treated, 
tissue volumes were increased and sagittal suture 
closure was accelerated. It also was observed that 
5 Runx2 was specifically expressed around FGF2-treated 
beads (See Fig. 2) . 

Runx2 is known to have 2 isoforms, Pebp2aAl and 
Osf2(Til-l) (Park et al., J. Bone Mineral J?es., 2001, 
16, 885-892). In order to certify which isoforms are 

10 induced by the FGF2 treatment, the present inventors 
performed in situ hybridization using probe specific to 
each isoforms. As a result, it turned out that both of 
the isoforms were expressed around the FGF2-soaked 
beads (see Fig. 2) . It means that the FGF2 signal 

15 transduction can induce the expression of both Pebp2aA 
and Osf2. 

In order to certify whether the transfected cell 
line with the p6XOSE2-Luc vector of the present 
invention reflects well the expression of the Runx2 

20 gene in cells, transiently transfected cell line with 
p6XOSE2-Luc vector was produced. C2C12, MC3T3-E1 and 
ROS 17/2.8 cell lines were used as a host cell. 

As a result of measuring the Runx2 expression 
induced by FGF2 treatment to the above transiently 

25 transfected various cell lines, it was found that 
transiently transfected C2C12 cell line showed the 
highest differences in lucif erase activity (see Fig. 3) . 
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In the ROS 17/2.8 cells in which basal Runx2 expression 
level was found to be the highest by Northern blot 
analysis (see Fig. lA) , the increase of lucif erase 
activity by FGF2 treatment was not significant since 
5 the luciferase activity was already high before FGF2 
treatment . 

To investigate the effect of cytokines other than 
FGF2 on the 6XOSE2 promoter activity in transiently 

10 transfected several cell lines of the present invention 
with p6XOSE2-Luc vector^ luciferase activity was 
measured after TGF-pl and BMP-2 treatment in 
transfected C2C12 cell line (Lee et al., J Cell 
Biochem., 1999, 73, 114-125; Lee et al., Mol. Cell. 

15 Biol.r 2000, 20(3), 8783-8792), which showed most 
differences in luciferase activity. As a result, it 
was found that luciferase activity was increased in the 
cells treated with FGF2, however, the cells treated 
with TGF-P and BMP-2 showed less luciferase activity 

20 compared with that of control which had not been 
treated with FGF2 (see Fig. 4) . This indicates that 
signal transduction pathway in which FGF2 increases 
Runx2 expression is different from that in which TGF-p 
or BMP types of cytokines increases Runx2 expression 

25 via Smad protein. It also can be distinguishable 
between the signal transduction pathway which increases 
Runx2 expression using the transfected cell line of the 

16 
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present invention and that of which TGF-P or BMP types 
of cytokines increases Runx2 expression. 

In order to find out whether luciferase was 
5 expressed by Runx2 in the expression vector of the 
present invention, the present inventors transfected 
6XOSE2 vector of the present invention simultaneously 
with FR2Y340H or FR2C342Y plasmids to cell line which 
expresses or does not express Runx2, wherein FR2Y34 0H 

10 or FR2C342Y can constantly expresses FGFR2 mutant 
protein which always activates FGF2 signal transduction 
pathway. Then, luciferase activity was measured. 

As a result, luciferase activity was increased 2-3 
fold in cell lines constantly expresses Runx2 genes 

15 without treatment of FGF2 . In case of Runx2(-/-) cell 
lines, FGF2 signal transduction pathway was activated 
but luciferase activity was not increased (See Fig. 8) . 
In results, it was found that FGF signal transduction 
can increase luciferase activity via Ruxn2. 

20 

Furthermore, in order to certify the effect of 
different concentrations of FGF2 on Runx2 expression at 
the transfected cell line of the present invention, the 
present inventors measured luciferase activity after 
25 treatment of different concentrations of FGF2 to the 
above-transfected C2C12 cell line. As a result, it was 
found that luciferase activity was increased 

17 
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proportionally with the added FGF2 concentration (see 
Fig. 5) . In results, it was found that the increase of 
Runx2 expression which was shown in Northern blot 
analysis (see Fig. IB) depends on the FGF2 
5 concentration, and thus 6XOSE2 activity reflects Runx2 
expression very well. 

From the above results, it is found that the 
luciferase activity in transiently transfected cell 

10 line with p6xOSE-Luc vector of the present invention 
thoroughly reflects the Runx2 expression and the 
changes were most prominent in transfected C2C12 cell 
line. This means that stably transfected C2C12 cell 
line with p6xOSE2-Luc vector of the present invention 

15 can be the most sensitive tool that estimates the Runx2 
expression. Therefore the present inventors constructed 
transfected cell line stably transfected with p6XOSE2- 
Luc vector of the present invention. 

20 To produce transfected cell line stably with 

p6X0SE2-Luc vector of the present invention which can 
be used for mass-screening of osteogenesis-promoting 
materials that can regulate Runx2 expression and can 
promote the differentiation of osteoblast, the present 

25 inventors co-transf ected p6XOSE2-Luc reporter vector 
with pcDNA3.0 vector (Invitrogen, USA) containing 
neomycin resistant gene to C2C12 cell line. 
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As a preferred embodiment to select transfected 
cell line of the present invention which has been co- 
transfected with p6xOSE2-Luc vector and a vector 
5 containing neomycin resistant gene as a selectable 
marker, .transfected cell line was incubated in the 
medium containing G418, As a result, the present 
inventors separated transfected clone stably 
transfected with p6XOSE2-Luc vector and deposited it at 
10 Korean Collection for Type Culture of Korea Research 
Institute of Bioscience and Biotechnology on January 10, 
2001 (Accession No: KCTC 0929BP) . 

As a result of studying the effect of FGF2 on 
15 luciferase activity in transfected cell lines having 
different concentrations of cells, it was found that 
the more the density of cells was increased, the more 
the extent of the increase of luciferase activity by 
FGF2 treatment was decreased (see Fig. 9, Fig. lOA and 
20 Fig. IIA) . In the case where luciferase activity per 
total cellular proteins was used to compensate errors 
caused by the increase of cell numbers, the same 
patterns were observed (see Fig. lOB and Fig. IIB) . 

25 As a result of studying the effect of different 

concentrations of FGF2 on luciferase activity in 



19 
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transfected cell lines, it was found that there was no 
changes of lucif erase activity by 1 ng/ml 
concentrations of FGF2 treatment in all the three types 
of clones, but strong lucif erase activity was found 
5 when more than 10 ng/ml concentrations of FGF2 were 
treated (see Fig. 12), resulting differences compared 
with the case of Northern blot analysis (see Fig. IB) . 
However, considering the prior report which evaluates 
that low concentrations of FGF2 treatment can stimulate 

10 cell growth and high concentrations of FGF2 treatment 
can induce the differentiation of osteoblast cell 
(Iseki S. et al.. Development, 1997, 124, 3375-3384), 
it can be assumed that such changes could be happen 
between 1 ng/ml and 10 ng/ml concentrations of FGF 

15 concentrations . 

In addition, the present invention provides method 
for screening osteogenesis-promoting materials using 
said transfected cell line. 

20 The present invention provides a method for mass- 

screening of materials which can accelerate the 
differentiation of osteoblast and can increase 
osteogenesis by measuring Runx2 expression induced by 
various chemical compounds and natural products using 

25 above transfected cell line. 



To investigate whether promoter activity of 

20 
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p6XOSE2 is connected directly with the expression of 
Runx2 in transfected cell line of the present invention, 
the present inventors measured luciferase activity and 
mRNA expression simultaneously in the transfected cell 
5 line. As a result, Runx2 mRNA expression and 
luciferase activity was increased simultaneously in the 
transfected cell line of the present invention by FGF2 
or FGF4 treatment (see. Fig. 13) . 

In results, it could be assumed that materials 

10 which increase luciferase activity when treated into 
the transfected cell line of the present invention were 
to increase the expression of Runx2 and such a 
materials could increase the expression of osteogenesis 
promoting factors, resulting promotion of the 

15 osteoblast differentiation. Therefore, the transfected- 
cell line stably transfected with p6XOSE2-Luc and 
pcDNAS.O vector of the present invention could be used 
usefully, for the screening of osteogenesis-promoting 
materials . 

20 

It has reported that FGF/FGFR signal can activate 
MAP kinase (mitogen-activated protein kinase) and MAP 
kinase is composed of Erkl/1 MAPKs, p38MAPKs and 
p54/p46 c-Jun NH2-terminal kinase (JNKs) (Klint and 
25 Claesson-Welsh, Front Biosci,, 1999, 4, 165-177; 
Robinson and Cobb, Curr. Opin. Cell Bio., 1997, 9, 180- 
186; Shaeffer and Weber, Mol, Cell. Biol., 19, 2435- 
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2444) . So, the present inventors investigated that 
which MAPK signal transduction pathway is involved in 
the induction of Runx2 itiRNA expression and Runx2 
activation by FGF2 signal transduction pathway. To do 
5 this, the transfected cell line of the present 
invention was treated with FGF2 and each of MAPKs was 
blocked using signal transduction specific inhibitors. 
PD98059 was used as a Erkl/2 specific inhibitor, and 
p38 MAPK signal transduction pathway was blocked by 
10 SB2 03580 treatment. Because the inhibitor for the JNK 
signal transduction was not obtainable, the present 
inventors used DN-MEKK-1 (dominant negative MEKK-1) as 
a inhibitor for the JNK signal transduction pathway 
(Brown et al . , J. Biol. Chem., 1999, 274, 8797-8805). 

15 

As a result, PD98059 could completely inhibited 
6XOSE2-LUC reporter activity induced by FGF2 treatment 
in transfected cell line of the present invention, but 
could not influence on the Runx2 expression stimulated 

20 by FGF2 treatment (see Fig. 14 A) . p38 MAPK signal 
transduction which could be inhibited by SB203580 could 
not influence on the Runx2 expression which was 
stimulated by FGF2, but it could decrease reporter 
activities to about 60% of the control, just like the 

25 case of Erkl/2 signal transduction (see Fig. 14B) . But, 
the transfection of DN-MEEK-1 in JNK signal 
transduction neither influenced on the increase of 
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Runx2 expression by FGF2 treatment nor on 6XOSE2-Luc 
reporter activity (see Fig. 14C) . 

In results, it was found that among MAP kinase 
signal transduction pathways, Erkl/2 or p38 MAPK could 
5 increase the transcription activity of Runx2 protein 
induced by FGF2 treatment, but it could not control the 
expression of Runx2 mRNA. 

The present inventors assumed that the expression 
10 of Runx2 mRNA induced by FGF2 treatment is mediated by 
signal transduction pathway other than MAP kinase 
signal transduction pathway. Because PKC is activated 
via FGF/FGFR signal transduction pathway (Klint and 
Claesson-Welsh, Front Biosci.r 199^^ 4, 165-177), the 
15 present inventors investigated whether PKC signal 
transduction is involved in the transcription of Runx2 
mRNA stumulated by FGF2 treatment. To do this, the 
present inventors studied the influence of PKC activity 
inhibitor, calphostin C, on the expression of Runx2 
20 mRNA. 

As a result, it was found that the increase of the 
expression of Runx2 mRNA induced by FGF2 treatment was 
not due to the down modulation of PKC activity by 
calphostin C treatment (see Fig. 15C) , and stimulation 
25 of 6XOSE2-LUC reporter vector mediated by FGF2 was 
almost completely disappeared (see Fig. 15B) . 

23 
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In addition, the present inventors investigated 
whether the increase of luciferase activity induced by 
FGF2 treatment was only due to the increase of Runx2 
mRNA expression or transcription activity of Runx2 
5 protein mediated by PKC was additionally involved. 

As a result, it was found that the expression of 
Runx2 mRNA induced by FGF2 treatment in transfected 
cell line with 6XOSE2-Luc vector of the present 
invention was mediated mainly via PKC signal 
10 transduction pathway and transcription activity of 
Runx2 protein was mediated by Erkl/2 or p38 MAPK among 
MAP kinase signal transduction pathway (see Fig. 16) . 

Therefore, the transfected cell line with 6xOSE2- 
15 Luc vector of the present invention can be used 
usefully for the investigation of signal transduction 
pathways by which Runx2 expression could be increased 
or Runx2 protein could be activated. 

20 EXAMPLES 

Practical and presently preferred embodiments of 
the present invention are illustrative as shown in the 
following Examples. 
25 However, it will be appreciated that those skilled 

in the art, on consideration of this disclosure, may 
make modifications and improvements within the spirit 

24 
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and scope of the present invention. 

Referential example 1: Measurement e-f Riin x2 expression 

induced by FGF treatment 

S <1-1> Measurement of Runx2 expression induced by F6F2 
treatment in cell line 

To investigate whether the expression of Runx2 
which is crucial to osteoblast differentiation is 
increasing in cells by the treatment of several 

10 transcription factors, the present inventors measured 
the expression of Runx2 mRNA in the cell lines after 
treatment of FGF2. 

After splitting MC3T3-E1, ROS17/2.8 (Lee M-H. et 
al., J. Cell Biochem.r 1999, 13, 114-125) and C2C12 

15 cell lines (ATCC, U.S.A.) to the concentrations of 1.1 
X 10* cells per 100 mm^, they were incubated in the 
alpha-MEM medium containing 10% FBS^ 10 mM beta- 
glycerophosphate and 50 \iq/ml ascorbic acid, DMEM 
medium containing 10% FBS and DMEM medium containing 

20 15% FBS, respectively. After they were grown 
confluently, they were incubated for 24 hours with 
serum-free medium containing 1 ng/ml concentrations of 
FGF2, then, the medium was collected. 

After that, the present inventors separated total 

25 RNA using the collected mediim by the method of 

25 
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Chomczynski and Sacchi (Chomczynski P. and Sacchi N., 
Anal. Biochem., 1987, 162, 156-159). In detail, after 
washing with PBS three times, 1 ml of denaturation 
solution containing 4 M guanidium thiocyanate was added 
5 to 100 mm culture plate. After transferring to a new 
tube, 0.1 ml of 2 M sodium acetate, 1 ml of phenol and 
0.2 ml of chloroform-isoamylalcohol were added to 
denatured cell solutions, then they were vigorously 
vortexed. After centrifugation, supernatant was 

10 transferred to a new tube and 1 ml of isopropanol was 
added. After letting them at -20*0 for more than 1 
hour, they were centrifuged at 4*0 for 30 minutes with 
the gravitation of 10,000 g. After centrifugation, 
isopropanol was removed. After washing with 75% 

15 ethanol two times, centrifugation was performed again - 
After getting rid of ethanol perfectly, RNA was 
dissolved in DEPC-treated water and RNA was quantified 
at 260 nm wavelength using spectrophotometer. After 
electrophoresis of 10 jxg of RNA on the gel containing 

20 1% agarose, 55% formaldehyde, they were transferred to 
zeta-probe membrane (Bio Rad, USA) by capillary 
phenomenon. Northern blot of transferred membrane was 
performed using ix IQ^ cpm/ml of alpha ^"P-labeled Runx2 
cDNA as a probe. Northern blot was performed according 

25 to the manufacturer's manual using ExpressHyb 
hybridization solution (Clontech, CA, USA) . After 
hybridization reaction, transferred membrane was washed 
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three times at 37*0 for 5 minutes with Sol I containing 
0.1% SDS and 2X SSC and then washed again three times 
with Sol II containing 0.1% SDS and O.ix sSC at 50 
After washing the transferred membranes again with 2x 
5 SSC, they were exposed to X-ray film (Agfa Co.) and 
autoradiography was performed. 

As a result, it was found that Runx2 expression 
was strongly increased in all the cell lines treated 

10 with FGF2 (Fig. lA) . Basal expression levels of Runx2 
mRNA in the osteoblast-originated ROS 17/2.8 or MC3T3- 
El cells were relative high compared with C2C12 cell 
lines. Especially, osteosarcoma-originated C2C12 cell 
line had lowered basal expression level, but increase 

15 of Runx2 expression level induced by FGF2 treatment was 
relatively high. 

<l-2> Measurement of Runx2 expression level induced by 
treatment of different concentrations of F6F2 

20 After splitting MC3T3-E1 cell line to the 

concentrations of l.ix 10^ cells per 100 mmS it was 
incubated in the alpha-MEM medium containing the same 
compositions as was the case of above referential 
example <1-1>. After they were grown confluently, they 

25 were incubated for 21 hours with serum-free medium 
containing 1 ng/ml concentrations of FGF2, then, they 
were treated again for 3 hours with 0, 0.1, 1, 10 and 
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30 ng/ml concentrations of FGF2, respectively. After 
thatr the present inventors separated total RNA of 
cells and performed Northern blot analysis using the 
same method as the referential example <1-1>. 

5 

As a result, it was found that the expression 
level of Runx2 mRNA was increased proportionally with 
respect to the increased FGF2 concentrations, and there 
was no significant differences of Runx2 expression in 
10 case of more than 10 ng/ml concentrations of FGF2 was 
treated (Fig. IB) . 

<l-3> Measurement of the effect of protein synthesis 
ixihibii:ors on Ruxix2 expression in cells by FGF2 
IS treatmen'b 

After splitting MC3T3-E1 cell line to the 
concentrations of l.ix 10^ cells per 100 mm^, it was 
incubated in the alpha-MEM medium containing the same 
compositions as was the case of above referential 

20 example <1-1>. After they were grown confluently, they 
were incubated for 21 hours with serum-free medium 
containing 1 ng/ml concentrations of FGF2, then, they 
were treated again for 3 hours with 1 ng/ml 
concentrations of FGF2 and 10 mg/ml concentrations of 

25 protein synthesis inhibitor, cycloheximide . After that, 
the present inventors separated total RNA of cells and 
performed Northern blot analysis using the same method 

28 
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as the referential example <1-1>. Cells which do not 
treated with cycloheximide were used as a control. 

As a result^ it was found that there was no 
5 increase of Runx2 expression in cycloheximide-treated 
group by FGF2 treatment (Fig. IC) . After pre- treatment 
of cycloheximide, increased Runx2 expression level by 
FGF2 treatment was decreased. 

10 In results, it was found that the expression of 

Runx2 induced by FGF2 treatment, which is crucial 
transcription factor for osteogenesis, was induced 
indirectly but dose-dependently by newly-synthesized 
proteins via FGF2 signal transduction pathway. 

15 

<l-4> Measurement of Ranx2 expression induced by F6F4 
treatment in cell line 

To investigate whether the expression of Runx2 
also can be increased in cell line by the treatment of 
20 FGF4, the present inventors measured the expression of 
Runx2 mRNA after treatment of FGF2 and FGF4, 
respectively. 

After splitting MC3T3-E1 cell line to the 
concentrations of l.ix 10^ cells per 100 mm", it was 
25 incubated in the alpha-MEM medium containing 10% FBS, 
10 mM beta-glycerophoaphate and 50 p.g/ml concentrations 
of ascorbic acid. After they were grown confluently, 

29 
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they were incubated for 24 hours with serum-free medium 
containing 1 ng/ml concentrations of FGF2 and FGF4, 
respectively, then, the medium was collected. After 
that, the present inventors separated total RNA of 
5 cells and performed Northern blot analysis using the 
same method as the referential example <1-1>. 

As a result of this, it was found that FGF4, like 
FGF2, also could induce the expression of Runx2 xnRNA 
10 (Fig, ID) . 

<l-5> Measurement o£ the eaq>ression of Ruiix2 protein 
induced by F6F2 treatment in cell line 

To investigate whether the expression of Runx2 
15 protein can be increased in cell line by the treatment 
of FGF2, the present inventors performed Western blot 
analysis using monoclonal antibody specific to C- 
terminal region of Runx2 protein. 

MC3T3-E1 cell line with or without treatment of 
20 FGF2 was incubated in the alpha-MEM medium containing 
the same compositions as was the case of above 
referential example <1-1>. After washing with PBS two 
times, the pellets were applied to 400 ml of 10 mM 
Tris-HCl (10 mM KCl, 0.1 mM EDTA, 1 mM DTT, 0.5 mM 
25 PMSF) . After letting them on ice for 15 minutes, 25 ml 
of 10% NP-40 was added and the suspension were 
vigorously vortexed. After that, they were centrifuged 

30 
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for 30 minutes with the gravitation of 12^000 g. After 
centrifugation^ the pellet was re-suspended with 30 ml 
of Tris-HCl, pH 7.9, and vortexed vigorously at 41; for 
20 minutes. Cell debris was removed by centrif ugation 
5 at 4t^ for 15 minutes and the supernatant was collected 
and stored at -70lC to be used for electrophoresis. 
Proteins were quantified using Bradford protein 
analyzing kit (Bio-Rad) , electrophoresized on SDS-PAGE 
and transferred electrically to Hybond-P membrane 

10 (Amersham Pharmacia Biotech) • After transferring, blot 
was washed with PBS at room temperature for 5 minutes 
and was kept in the blocking buffer (PBS containing 
0.1% Tween-20 and 5% nonfat dry milk). After washing 
the blot with PBS for 5 minutes 3 times, monoclonal 

15 antibody specific to C-terminal region of Runx2 protein 
was diluted to 1:2,000 ratio in blocking buffer and it 
was added to the blot. Then, it was incubated with 
slight shaving at room temperature overnight. After 
washing the blot with PBS '3 times, it was incubated 

20 with mouse anti-rabbit antibody at room temperature for 
1 hour. After washing with PBS 2 more times, the band 
was detected using Westzol (iNtRON, Korea) . 

As a result, more Runx2 protein expression was 
25 observed when FGF2 was treated compared with the case 
of which FGF2 was not treated (Fig. IE) . 
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In results^ Runx2 mRNA expression was increased 
proportionally and the expression of Runx2 protein was 
induced by FGF treatment with dose-dependent manner. 

5 Referential example 2: Runx2 expression by FGF2 
treatm ^T^'h vivo 

To investigate whether the expression of Runx2 
protein can be increased ex vivo by the treatment of 

FGF2, the present inventors performed in situ 
10 hybridization using heparin acryl bead soaked with FGF2 . 

<2-l> Measurement of the expression of Runx2 prcbein 
induced by F6F2 treatment in cell line 

The present inventors separated the cranium of 
15 mouse of E15.5 stage without skin and let them on the 
filter having pore size of 0.1 fim which is supported by 
metal grid. After making FGF2-soaked beads by soaking 
heparin-coated acryl beads (125-150 |im of diameter) in 
25 ng/|il of FGF2 or BSA as a control at 37 for 30 
20 minutes, the beads were washed and they were 
transplanted on osteogenic front region of sagittal 
suture closure using capillary vessel pipette. The 
explant was incubated in DMEM medium containing 
penicilline/streptomycin at 37 1C, 5% CO2 for 48 hours. 

25 
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As a result, it was found that FGF2-soaked beads 
were expanded with voliime and their sealing was 
accelerated compared with control group treated with 
BSA-soaked beads (Fig. 2A) . 

5 

<2-2> in situ hybridization 

To perform in situ hybridization, the present 
inventors used dioxygenin-UTP-labeled riboprobe of 
sense and antisense Runx2 . 

10 The cultured tissue of above referential example 

<2-l> was treated with proteinase K, re-fixed with PBS 
containing 4% PFA and 0.2% glutaraldehyde and 
hybridized using riboprobe at 55^0 overnight. After 
washing the tissues with 2X SSC solution containing 50% 

15 formamide, color reaction was performed using 
dioxygenin RNA labeling kit (Boeringermannheim, 
Germany) . After color reaction, the tissue was re- 
fixed and was stored in 50% glycerol solution before 
taking photograph. 

20 

As a result, Runx2 was specifically expressed 
around FGF2-soaked beads in case of the explant treated 
with FGF2-soaked bead. 



2S <2-3> The expression of Runx2 isofoxxas 

Runx2 has been known to exist as two types of 
isoforms, Pebp2aAl and Osf2(Til-l) (Park et al., J. 

33 
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Bone Mineral Res., 2001, 16, 885-892). To investigate 
which isoform is induced by FGF2 stimulation, the 
present inventors used 3 probes as follows • Using cDNA 
probe having consensus sequence region of two types of 
5 isoforms {pRunx2), probe specific for Pebp2aA 
{pPebp2aA) or probe specific for Osf2 (pOsf2), in situ 
hybridization was performed using the same method as 
the referential example <2-2> (Park et al., J. Bone 
Mineral Res., 2001, 16, 885-892). 

10 

As a result, it was found that all of the two 
types of isoforms were expressed around FGF2-soaked 
beads (Fig. 2B) . So, FGF2 signal transduction induced 
both of the Pebp2aA and Osf2 expression. 

15 

Example 1; The construc tion of expression vectiorr 
p6XOSE2-I,uc 

<1-1> The preparation of 6XOSE2 oligomer 

To construct oligomer containing nucleotide 
20 sequences which are targeted by one of the osteoblast 
specific factor, Runx2, the present inventors 
investigated consensus nucleotide sequences present on 
the promoter regions of osteocalcin gene of mouse, rat 
and human origins, mouse collagenase 3 gene and mouse 
25 osteopontin gene. 

34 
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As a result, the present inventors had confirmed 
that 0SE2 nucleotide sequence represented by SEQ. ID. 
N0:1 was a consensus sequence common to the promoter 
5 regions of said osteoblast specific factors, and 
constructed 6XOSE2 oligomer represented by SEQ. ID. 
NO: 2 having 6 tandem repeat of OSE sequence. In detail, 
oligomers comprising nucleotide sequence containing 
0SE2 sequence and its complementary sequence were 

10 constructed by ordering from'sioneer Co. (Korea) . The 
complementary sequences were hybridized with equal 
quantity and ligated by ligase treatment into reaction 
solution. After that, electrophoresis was performed. 
Comparing with molecular size marker, 6XOSE2 DNA band 

15 which was positioned at 6th position from the smallest 
monomer was cut off, and 6XOSE2 oligomer DNA 
represented by SEQ. ID. NO: 2 of the present invention 
having 168 bp size was separated and purified using DNA 
elution kit (Promega co.). 

20 

<l-2> Preparation of 6XOSE2'-Luc reporter vector 

To construct expression vector comprising 6XOSE2 
oligomer constructed at the above example <1-1>, pGL3 
promoter vector (Promega Co.) containing lucif erase as 
25 a reporter gene was cut off by treatment of Xmal 
restriction enzyme, and pre-purified 6XOSE2 oligomer 
was ligated to the DNA fragment. Vector having proper 
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orientation and luciferase activity was constructed by 
sequence analysis of cloned vector. 

As a result, the present inventors confirmed that 
5 6XOSE2 oligomer fragment was properly inserted into 
pGL3 promoter vector and referred it as a "p6XOSE2-Luc" 
vector. 

Example. 2: The constimGiiion of transf ormant ■fcranaiently 

10 transfQGted with p6XOSe2-I.uG vector 

To investigate that p6XOSE2-Luc vector could 
reflect properly the expression of Runx2 gene in cell, 
the present inventors constructed transiently 
transfected cell line with p6XOSE2-Luc vector. 

15 First, C2C12, MC3T3-E1, C3H10T1/2, Runx2(-/-) and 

ROS17/2.8 cells were split to ix 10^ cells/well 
concentrations to 6-well plate and incubated at 5% COj 
incubator for 24 hours. After incubating them with 0.5 
Hg of p6XOSE2-Luc reporter vector, 3 |il of PLUS reagent 

20 (Gibco BRL. CA, USA) and 100 jil of serum-free DMEM 
medium for 15 minutes at toom temperature, P6X0SE- 
Lucilipofectamin complex was generated by mixing with 3 
ml of lipofectamin (Gibco BRL- CA, USA) and serum-free 
DMEM medium. 8 00 \il of serum-free DMEM medium and 207 

25 111 of p6X0SE-Luc: lipofectamin was added to each well of 
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incubated C2C12, MC3T3-E1, C3H10T1/2, Runx2(-/-) and 
ROS17/2.8 cells and incubated them at 5% CO2 incubator 
for 3 hours. By doing such, transiently transfected 
cell lines with p6XOSE2-Luc vector of the present 
5 invention was constructed. 

<2-l> Measurement of luciferase . activity induced by 
F6F2 treatment in transfected cell lines 

To investigate whether FGF/FGFR signal 

10 transduction pathway could stimulate the 
transcriptional activities mediated by Runx2, the 
present inventors treated 10.0 ng/ml concentrations of 
FGF2 to each of transiently transfected cell lines 
constructed by above method. After incubation at 5% 

15 CO2 incubator for 24 hours, luciferase activity was 
measured using luciferase analyzing kit (Promega Co.). 

As a result, it was found that there was no 
differences on luciferase activity in Runx2{-/-) cells 

20 which could not express Runx2, and most changes on 
luciferase activity was found in transiently 
transfected C2C12 cell line (Fig. 3). In case of 
ROS17/2.8 cells which showed highest basal level of 
Runx2 expression in Northern blot analysis (see Fig. 

25 lA) , there were no significant differences on 
luciferase activity induced by FGF2 treatment because 
it already showed higher luciferase activity before 
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FGF2 treatment. 

<2-2> Measurement of the effect of cytokine treatment 
on luciferase activity in transfected cell lines 

5 To investigate the influence of other cytokines 

which had known to increase the Runx2 expression on 
6XOSE2 promoter activity of transfected cell lines, the 
present inventors treated TGF-pi and BMP-2 which were 
known to increase Runx2 expression to C2C12 

10 transf ormant which showed the highest differences of 
luciferase activity at the above referential example 
<2-l>, and measured luciferase activity (Lee et al., J. 
Cell Biochem., 1999, 73, 114-125; Lee et al, Mol. Cell 
Biol., 2000, 20(3), 8783-8792). 

15 First, C2C12 transfected cell line was treated 

with 2 ml of FGF2, BMP-2 and TGF-pl of which 
concentrations was 2 ng/ml, 300 ng/ml and 5 ng/ml, 
respectively. After incubation for 24 hours, 

luciferase activity was measured. 

20 

As a result, it was found that luciferase activity 
was increased in the transf ormant treated with FGF2, 
but luciferase activity was decreased in case of TGF-pi 
and BMP-2-treated transformant compared with control 
25 group (Fig. 4) . In results, it was found that signal 
transduction pathway by which FGF2 increases Runx2 
expression was different from that by which cytokine of 
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TGF-p or BMP family, for example, Smad etc., increases 
Runx2 expression. 

<2-3> Measurement of luciferase activity induced by the 
S treatment of different concentrations of F6F2 

To investigate the effect of the treatment of 
different concentrations of FGF2 on luciferase activity 
in above trasnfected cell line, the present inventors 
treated 0, 0.1, 1, 10, 30 and 50 ng/ml concentrations 
10 of FGF2 into 2x 10^ cells/well of above C2C12 
transf ormant . After incubation at 5% CO, incubators 
for 24 hours, luciferase activity was measured using 
luciferase activity analyzing kit. 

15 As a result, luciferase activity was increased 

proportionally in accordance with added FGF2 
concentrations (Fig. 5) . In results, it was found that 

the increase of Runx2 expression observed in the above 
referential example <l-2> was dependent on the 
20 concentrations of FGF2 treatment. 

<2-4> Measurement of the increase of luciferase 
activity by Runx2 

To investigate whether luciferase was expressed by 
25 Runx2 expression in transfected cell line of the 
present invention, the present inventors transfected 
6XOSE2 vector of the present invention simultaneously 
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with FR2Y340H or FR2C342Y plasmid to cells which 
express or do not express Runx2, wherein FR2Y340H or 
FR2C342Y can constantly expresses FGFR2 mutant protein 
which always activates FGF2 signal transduction pathway. 
5 Then, lucif erase activity was measured. 

First, Runx2 MC3T3-E1, C3H10T1/2 and C2C12 
cells were split to ix 10^ cells/well concentrations to 
6-well plate and incubated at 5% COj incubator for 24 

10 hours. They were mixed with 0.5 of p6XOSE2-Luc 

vector, 0.5 [xg of pFR2Y340H, 3 \il of PLUS reagent and 
100 111 of serum-free DMEM medium and incubated for 15 
minutes at room temperature. After preparing mixture 
of 3 )il of PLUS reagent and 100 jil of serum-free DMEM 

15 medium, it was re-mixed with mixture of either p6xOSE2- 
Luc and pFR2Y340H vectors or p6XOSE2-Luc and pFR2C342Y 
vectors , generating p 6X0SE-Luc : pFR2Y34 OH : lipof ect amin 
or p6XOSE-Luc:pFR2C342Y: lipof ectamin complexes. 800 jil 
of serum-free DMEM medium and either of 207 (4.1 of 

20 p6XOSE-Luc:pFR2Y34 OH: lipof ectamin complex or p6X0SE- 
Luc:pFR2C342Y: lipof ectamin complex were added to each 
well of incubated C2C12, MC3T3-E1, C3H10T1/2, Runx2{-/- 
) and ROS17/2.8 cells and they were incubated at 5% COj 
incubator for 3 hours. By doing such, transiently 

25 transfected cell lines simultaneously with p6XOSE2-Luc 
vector of the present invention and either of pFR2Y340H 
or pFR2C342Y vector was constructed. Control group was 
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transfected with pcDNA3.1 vector instead of pFR2Y340H 
vector. 

As /a result^ lucif erase activity was increased 2-3 
5 fold in cell lines constantly expresses Runx2 genes 
without treatment of FGF2. In case of Runx2 (-/-) cell 
lines, FGF2 signal transduction pathway was activated 
but liciferase activity was not increased (Fig. 8) . In 
results, it was found that FGF signal transduction can 
10 increase luciferase activity via Ruxn2 and the activity 
of 6XOSE2 can reflect the expression of Runx2 well. 

Example 3: The incrQaae of tranacription activity of 
Runx2 by FGF treatment 

15 The present inventors investigated whether 

luciferase activity caused by the increase of the 
transcription activity of Runx2 is by the increase of 
the expression of Runx2 . roRNA or by the increase of 
transcription activity of Runx2 protein. 

20 To do this, the present inventors transfected 

plasmid containing two isotypes of Runx2 gene to 
Runx2(-/-) cell line which does not express Runx2. In 
detail, p6XOSE2-Luc vector and either of Runx2-pebp2aA 
expression vector or Runx2-osf2 expression vector were 

25 co-transf ected to Runx2(-/-) cell line. After 
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treatment of 10.0 ng/ml concentrations of FGF2, cells 
were incubated at 5% COg incubator for 24 hours and 
luciferase activity was measured using luciferase 
analyzing kit (Promega Co.)- 

5 

As a result, luciferase activity was increased by 
the expression of Runx2 isotypes in Runx2{-/-) cell 
line (Fig. 7) . It also was found that more 
transcription activity was observed in case of Runx2- 

10 osf2 transfection than in case of Runx2-pdbp2aA 
transfection. Transfected cell line simultaneously 
with p6XOSE2-Luc vector and either of Runx2-pebp2aA or 
Runx2-osf2 expression vector showed the induction of 
the increase of luciferase activity by FGF2 treatment 

15 {Fig. 7A) - In addition, when p6XOSE2-Luc reporter 
vector, one of the two Runx2 expression vectors and 
FGFR2 expression vector (FR2Y340H or FR2C342Y) were co- 
transfected to Runx2{-/-) cell line, the activity of 
p6XOSE2-luc was increased (Fig. 7B) . In results, 

20 FGF/FGFR signal transduction can not only stimulate 
Runx2 mRNA expression, but also increase the 
transcription activity of Runx2 protein in cell. 
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ExanrplQ 4; The construction of fcransfected cell line 

ff'^^V^ly with p6XOSE2-Luc vector 

The present inventors have confirmed that 
luciferase activity in cells transiently transfected 
5 with p6XOSE2-Luc vector can reflect Runx2 expression 
well and the changes were most prominent in C2C12 cell 
line. So, the present inventors assumed that C2C12 
cell line stably transfected with p6XOSE2-Luc vector 
can be used as most sensitive standard to measure the 
10 expression of Runx2, and constructed transfected cell 
line stably with above p6XOSE2-Luc vector. 

To construct transfected cell line stably with 
p6XOSE2-Luc vector which can be used mass-screening of 

15 osteogenesis-promoting materials, the present inventors 
constructed co-transf ected C2C12 cell line with 
pcDNA3.0 vector (Invitrogen, USA) containing neomycin 
resistant gene and p6XOSE2-Luc reporter vector. 

First, C2C12 cells were split to 2x 10^ cells/well 

20 concentrations to 100 mm cell culture plate and 
incubated at 5% COj incubator for 24 hours. They were 
incubated with 10 jig of p6XOSE2-Luc reporter vector, 2 
^ig of pcDNA3.0 vector, 15 |il of PLUS reagent and 750 (il 
of serum- free DMEM medium for 15 minutes at room 

25 temperature. After preparing mixtures of 20 p.1 of 
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lipofectamin and 750 ^1 of serum-free DMEM medium, 
p6XOSE2-Luc:lipofectamin complex was made by re-mixing 
it with the mixture of p6XOSE2-Luc reporter vector and 
pcDNA3,0 vector. 5 ml of serum-free DMEM medium and 
5 1,535 \il of p6XOSE2-Luc: lipofectamin complex were added 
to C2C12 cell line and incubated them at 5% COj 
incubator for 3 hours. Then, 6.5 ml of DMEM medium 
containing 30% FBS was added to plate and incubated it 
at 5% CO2 incubator for 24 hours. After removing 

10 culture medium and collecting cells by trypsin 
treatment, the cells were cultured in the 100 mm plate 
to the dilution of 1:1000, 1:5000 and 1:10000 ratio 
with DMEM medium containing 15% of serum, then they 
were incubated at 5% COj incubator for 24 hours. After 

15 removing culture medium, DMEM medium containing 2 mg/ml 
concentrations of G418 (neomycin) and 15% of FBS was 
added to plate and they were incubated at 5% CO2 
incubator for 24 hours. After removing culture medium 
containing G418, new culture medium containing G418 was 

20 added to the plate. After washing the plate with PBS 
solution, the clones were separated using separation 
ring and were split in order to be one clone per each 
well of 12 well plate. After adding culture medium 
which does not contain G418 to each well, they were 

25 incubated at 5% COj incubator for 24 hours - 

Because normal C2C12 cells will die 100% under 2 
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mg/ml concentrations of G418 treatment but cells 
transfected with pcDNA3.0 which has a gene capable of 
utilize G418 can survive under the same circumstances, 
the present inventors tried to select transfected cells 
5 simultaneously with p6XOSE2-Luc reporter vector and 
pcDNA3.0 vector by incubating cells with DMEM medium 
containing 2,5 mg/ml concentrations of G418 and 15% FBS. 
After removing culture medium which does not contain 
G418, DMEM medium containing 2.5 mg/ml concentrations 

10 of G418 and 15% FBS was added to cells and they were 
incubated at 5% COj incubator until clones were formed. 
Each clone separated from 12-well plate was passaged to 
6~well plate and each clone separated from above 6-well 
plate was passaged again to 100 mm plate. After that, 

15 the present inventors separated about 60 clones 
transfected stably with p6XOSE2-Luc vector of the 
present invention. 



<4-l> Measurement of the luclferase activity induced by 
20 F6F2 treatment 

To measure luciferase activity induced by FGF2 
treatment in transfected cells stably with p6XOSE2-Luc 
and pcDNAS.O vectors^ the present inventors inoculated 
above transfected clones into 6-well plate to a 
25 concentrations of 2x 10^ cell/well and incubated at 5% 
CO2 incubator for 24 hours. After addition of 10 ng/ml 
concentrations of FGF2 to each culture plate, it was 
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incubated at 5% CO2 incubator for 24 hours, Then^ 
luciferase activity was measured using luciferase 
'analyzing kit (Table 1 and Fig. 8) 



5 <Table 1> 6XQSE2 promoter activity in stably 

trangfected clones 



Clone 
No. 


Control* 


S.D(± ) 


Sample** 


S.D(± ) 


Ratio 
(FGF2/no FGF2) 


# 1 


167.3 


33.3 


301.7 


31.5 


1.8 


# 3 


2686.3 


49.9 


110397.3 


3535.0 


41.1 


# 4 


3568.7 


98.3 


10287.7 


1311.3 


2.9 


# 5 


8711.3 


466.0 


134590.3 


8044.8 


15.5 


# 6 


3279.7 


388.2 


10381.3 


1182.3 


3.2 


# 7 


62619.3 


3279.2 


130726.0 


4324.7 


2.1 


# 9 


1505.3 


98.4 


8556.3 


1140.3 


5.7 


#11 


217.3 


129.5 


1394.3 


58.6 


6.4 


#15 


466.0 


343.0 


640.7 


412.2 


1.4 


#19 


612.7 


33.1 


692.0 


57.0 


1.1 


#20 


14857.7 


798.2 


36746.0 


2733.3 


2.5 


#21 


56.7 


6.8 


85.3 


8.1 


1.5 


#22 


358.7 


17.0 


418.3 


42.0 


1.2 


#23 


258.3 


22.8 


1380-7 


140.3 


5.3 


#24 


2581.0 


258.6 


6282.0 


259.1 


2.4 


#25 


15466.3 


638.5 


76351.0 


3746.6 


4.9 


#27 


1240.3 


42.7 


5153.0 


282.2 


4.2 


#28 


10129.0 


118.0 


22273,7 


2497.7 


2.2 


#29 


2104.7 


52.8 


16370.7 


629.0 


7.8 



* : relative luciferase activity on average when 



FGF was not treated. 
10 ** : relative luciferase activity on average when 

FGF was treated. 



As a result, it was found that about 20 clones 
were selected having luciferase activity. Among these, 
15 three clones (#3, #5 and #29) which had strongly 
increased luciferase activity by FGF treatment were 
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selected and used in experiments hereinafter (Table 1 
and Fig. 8) . In case of #3 clone, there found about 

40-fold increase of luciferase activity by FGF2 
treatment and the basal activity of #3 clone was 
5 maintained relatively high. In case of #5 clone, it 
had relatively higher basal activity and showed 15-fold 
increase on average by FGF2 treatment. On the contrary, 
in case of #29, it had relatively lower basal activity 
and showed 7- or 8-fold increase by FGF2 treatment 
10 (Table 1) . 

<4-2> Measurement of the effect of the cell 
concentrations on luciferase activity 

To investigate the effect of FGF2 treatment on 
15 luciferase activity in the transfected cell lines 
having different concentrations of cell numbers, 10,0 
ng/ml concentrations of FGF2 was treated to 0.2x 10^, 
l.Ox 10^ and lOx 10^ cells/well concentration of each #3, 
#5 and #29 clones. After incubating them at 5% COg 
20 incubator for 24 hours, luciferase activity was 
measured using luciferase analyzing kit. In order to 
compensate errors caused by increased cell nvimbers, 
total cellular proteins were measured using BCA protein 
assay kit (Pierce Chemical Co., Rockford, USA), making 
25 total luciferase activity per total cellular proteins. 

As a result, it was found that the increasing rate 
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of luciferase activity by FGF2 treatment was decreased 
with respect to increased cellular density (Fig. 9, Fig 
lOA and Fig llA) . However, in case of #3 clone, there 
still found more than 10-fold increase of luciferase 
5 activity (Fig. 9) . In case of #5 and #29 clones, the 
increasing rate of luciferase activity was sharply 
decreased to only 2-3 folds, when cell were exceeded 
the confluent state (Fig lOA and Fig. IIA) . In case of 
compensation with total luciferase activity per total 
10 cellualr proteins in order to compensate errors with 
increased cell numbers, the same tendency was also 
observed (Fig. lOB and Fig. IIB) . 

<4-3> Measur^ent of luciferase activity induced by 
IS different concentrations of FGF2 treatment 

To investigate the effect of different 
concentrations of FGF2 treatment on luciferase activity 
in the transfected cell lines, 0, 0.1, 1, 10 and 30 
ng/ml concentrations of FGF2 were treated to 2x 10^ 
20 cells/well concentration of each #3, #5 and #29 clones. 
After incubating them at 5% COj incubator for 24 hours, 
luciferase activity was measured using luciferase 
analyzing kit. 

25 As a result, it was found that there was no 

changes of luciferase activity by 1 ng/ml 
concentrations of FGF2 treatment in all the three 
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clones, but strong lucif erase activity was found when 
more than 10 ng/ml concentrations of FGF2 were treated 
(Fig. 12) f resulting differences compared with the case 
of Northern blot analysis (see Fig. IB) . However, 
5 considering the prior report which evaluates that low 
concentrations of FGF2 treatment can stimulate cell 
growth and high concentrations of FGF2 treatment can 
induce the differentiation of osteoblast cell (Iseki S. 
et al., Development, 1997, 124, 3375-3384), it can be 
10 assumed that such changes could be happen between 1 
ng/ml and 10 ng/ml concentrations of FGF concentrations. 

In results, the present inventors concluded that 
#3 clone was the best cell lines which can be used for 
the screening of osteogenesis stimulating factors and 
deposited that at Korean Collection for Type Culture of 
Korea Research Institute of Bioscience and 
Biotechnology on January, 10, 2001 (Accession No: KCTC 
0929BP) , 

Example 5: The rel ationship between lucif erase activity 

an4 th^ e ^yession o:g Runy2 

To investigate whether promoter activity of 
p6XOSE2 is connected directly with the expression of 
25 Runx2 in #3 clone of the present invention, the present 
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inventors measured luciferase activity and mRNA 
expression simultaneously in #3 clone. 

First, 10.0 ng/ml concentrations of FGF2 was 
treated to 2.0X 10^ cells/well concentrations of #3 
5 clone and the cells were incubated at 5% COo incubator 
for 24 hours. After that, luciferase activity was 
measured using luciferase analyzing kit and Northern 
blot analysis was performed by the ' method of 
referential example <1-1>. 

10 

As a result, Runx2 mRNA expression and luciferase 
activity was increased simultaneously in #3 clone of 
the present invention by FGF2 or FGF4 treatment (Fig. 
13) . 

15 In results, it could be assumed that materials 

which could increase luciferase activity when treated 
into #3 clone of the present invention were to increase 
the expression of Runx2 and such a materials could 
increase the expression of osteogenesis promoting 

20 factors, resulting acceleration of the osteoblast 
differentiation. Therefore, #3 clone stably 

transfected with p6XOSE2-Luc and pcDNA3.0 vector of the 
present invention could be used usefully for the 
screening of osteogenesis-promoting materials. 

25 
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Example 6: Other signal transduGtion pathway involved 

jjl Runxg mRNA ^xpr^^^Xon and Runx2 transcription 

agtAvity induce^ hY Fgg tfffiatment: 

It was reported that FGF/FGFR signal could 
5 activate MAP kinase (mitogen-activated protein kinase) 
and MAP kinase was composed of Erkl/1 MAPKs, p38MAPKs 
and p54/p46 c-Jun NH2~terrainal kinase (JNKs) (Klint and 
Claesson-Welsh, Front Biosci., 1999^ 4, 165-177; 
Robinson and Cobb, Curr. Opin. Cell Bio., 1997, 9, 180- 

10 186; Shaeffer and Weber, Mol. Cell. Biol., 19, 2435- 
2444) • So, the present inventors investigated that 
which MAPK signal transduction pathway is involved in 
the induction of Runx2 mRNA expression and Runx2 
activation by FGF2 signal transduction pathway. To do 

15 this, #3 clone of the present invention was treated 
with FGF2, and each of MAPKs was blocked using signal 
transduction specific inhibitor. PD98059 was used as a 
Erkl/2 specific inhibitor, and p38 MAPK signal 
transduction pathway was blocked by SB203580 treatment. 

20 Because the inhibitor for the JNK signal transduction 
was not obtainable, the present inventors used DN-MEKK- 
1 (dominant negative MEKK-1) as a inhibitor for the JNK 
signal transduction pathway (Brown et al., J. Biol. 
Chem., 1999, 274, 8797-8805). To study proper 

25 concentration of inhibitor in C2C12 cells, cytotoxicity 
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by the inhibitor was tested by MTT analysis (Thykjaer T, 
Christensen M, Clark AB, Hansen LR, Kunkel TA, Orntoft 
TF., Br. J. Cancer. r 2001, 85(4), 568-575) and 
lucif erase activity was measured. Maximal 
5 concentration which does not effect to cytotoxicity was 
used as inhibitor concentration of the present 
invention. 

As a result, PD98059 could completely inhibited 

10 6XOSE2-LUC reporter activity induced by FGF2 treatment 
in transfected cell line of the present invention, but 
could not influence on the Runx2 expression stimulated 
by FGF2 treatment (Fig. 14A) . p38MAPK signal 

transduction which could be inhibited by SB2035BO could 

15 not influence on the Runx2 expression which was 
stimulated by FGF2, but it could decrease reporter 
activities to about 60% of the control, just like the 
case of Erkl/2 signal transduction (Fig. 14B') . But, 
the transfection of DN-MEEK-1 in JNK signal 

20 transduction increased basal Runx2 mRNA level and did 
not influenced on the increase of Runx2 expression by 
FGF2 treatment. In addition, the transfection of DN- 
MEEK-1 did not inhibited 6XOSE2-Luc reporter activity, 
which was consistent with the case of Northern blot 

25 analysis (Fig. 14C) . 



In results, it was found that among MAP kinase 
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signal transduction pathways, Erkl/2 or p38 MAPK could 
increase the transcription activity of Runx2 protein 
induced by FGF2 treatment, but it could not control the 
expression of Runx2 itiRNA. 

5 

Example 7: The express ion of Runx2 induced by FGF2 

treatment via PKC signal transduction 

The present inventors assumed that the expression 
of Runx2 mRNA induced by FGF2 treatment is mediated by 

10 signal transduction pathway other than MAP kinase 
signal transduction pathway. Because PKC is activated 
via FGF/FGFR signal transduction pathway (Klint and 
Claesson-Welsh, Front Biosci., 1999, 4, 165-177), the 
present inventors investigated whether PKC signal 

15 transduction is involved in the transcription of Runx2 
mRNA stumulated by FGF2 treatment. To do this, the 
present inventors studied the influence of PKC activity 
inhibitor, calphostin C, on the expression of Runx2 
mRNA. In detail, after incubating cells with DMEM 

20 medium which does not contain FBS for 6 hours, PKC 
activity inhibitor, calphostin C, was treated for 3 
hours, blocking all the residual PKC activity. After 
that, 0 or 10 ng/ml concentrations of FGF2 was added to 
the medium and incubated 3 more hours then cells were 

25 collected. After that, the expression of Runx2 mRNA 
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was quantified by Northern blot analysis or by the 
measurement of lucif erase activity. 

As a result, it was found that the increase of the 
5 expression of Runx2 mRNA induced by FGF2 treatment was 
not due to the down modulation of PKC activity by 
calphostin C treatment (Fig. 15C) , and stimulation of 
6XOSE2-LUC reporter vector mediated by FGF2 was almost 
completely disappeared {Fig. 15B) . 

10 

In addition, the present inventors investigated 
whether the increase of luciferase activity induced by 
FGF2 treatment was only due to the increase of Runx2 
mRNA expression or transcription activity of Runx2 

15 protein mediated by PKC was additionally involved. 

As was seen in the result of above example 3, 
over-expression of Runx2-osf2 in Runx2 (-/-) cells 
resulted in the increase of luciferase activity, and 
• FGF2 treatment in those cells resulted in the even more 

20 increase of luciferase activity (Fig. 7) . But, such a 
increased luciferase activity by FGF2 treatment was 
almost disappeared by blocking PKC signal transduction 
by pre-treatment of calphostin C (Fig. 15C) . However, 
when co-transfected with Runx2-osf2 expression vector, 

25 luciferase activity was somewhat increased by the Runx2 
expression. 

54 



mm 



(USPTO) 



wo 02/072842 



PCT/KROl/02067 



In result, it was found that the expression of 
Runx2 mRNA induced by FGF2 treatment in transfected 
cell line with 6XOSE2-Luc vector of the present 
invention was mediated mainly via PKC signal 
5 transduction pathway and transcription activity of 
Runx2 protein was mediated by Erkl/2 or p38 MAPK among 
MAP kinase signal transduction pathway (Fig. 16) . 



IKDUSTRIAIi APPLICABILITY 

10 Transfected cell line of the present invention was 

constructed by transfection with vector comprising 
consensus nucleotide sequence common to promoter region 
of the pretein which can stimulate the differentiation 
of osteoblaset and reporter gene and it has high 

15 specificity for soteoblast specific factors- So, it 
can be used usefully for the screening of osteogenesis 
stimulating materials. 

Those skilled in the art will appreciate that the 
20 conceptions and specific embodiments disclosed in the 
foregoing description may be readily utilized as a 
basis for modifying or designing other embodiments for 
carrying out the same purposes of the present invention. 
Those skilled in the art will also appreciate that such 
25 equivalent embodiments do not depart from the spirit 
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and scope of the invention as set forth in the appended 
claims . 
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nuoAi'EST ii;K/\nT on niF. LvnaiNAnoNAL-KixoCNmoN oi- r\i\i oia-osTr 

OF MiaiOOllGAWSMS FOR TIIF. injl?rOSE OF PATENT PUOCnUlJllH 

• . • . V.v'* ' ' ' ■^'INTERNAfIONAL FORM * • ' ••* ' - ' ' 

REteEPT m TlIE CAiSE OF AN ORIGINAL DEPOSIT 

issued pursuant to Rule 7.1 

TO : RYOO. Ilyuii-Mo 

Dep. of Biochemistry, School of Dcntistiy. Kyungpook Nationj\l University. 
#101. Dongin-dong, Jung-ku, Taegu 700-422, 
Republic of Korea 



I . lOENllFICATION OF THE MICROORGANISM 



Identification reference given by the 
DEPOSnX)R: • 


Accession number given by the 
INTERNATIONAL DEPOSITARY 
AUTHORITY: 


C2C12-6XOSE-Ltic 
(mouse myoblastic cell liae) 


KCTC J0929BP 



D, SCIENTEFIC DESCRIPTION AND/OR PROPOSED TAXONQMIC DESIGNATION 



The microorganism identified under I above was accompanied by: 

[ X ] a scientific description 

[ ] a proposed taxonomic designation 

(Mark with a cross where applicable) 



ffl. RECEIPT AND ACCEPTANCE 



This International D^ataiy Audiority accQ)ts the miaoorganism identified under I above, 
which was received by it on Januaxy 05 2001. 



IV. RECEIPT OF REQUEST FOR CONVERSION 

Tho microorganism identified under I above was received by this International Depositary 
Authority on and a request to convert the original deposit to a deposit 

under the Budapest Treaty was received by it on 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



Name: Korean Collection for Type Cultures 



Address: Korea Research Institute of 
i.3io science and BicKechnolo^jy 
(KRIBB) 

#52. Oun-dong, Yusong-ku, 
Tacjon 3(6-333. 
Republic of Korea 



Signaturc{s) of person(s) having? tlie |X)\ver 
to represent the Internaiional ne[xjr%iury 
Authority of aurhori/.ed ofHciaKs): 



BlE. Kyung Sook, Director 
Dale: Janu3Lry JO 2001 



57 



iSPAGEBUMKlBsno) 



wo 02/072S42 PCT/KROl/02067 



What is Claimed is 

1. Expression vector comprising consensus nucleotide 
sequence of osteoblast specific factor binding 

5 element 2, 0SE2, and reporter gene, wherein 0SE2 is 

existing at the promoter region of genes stimulating 
differentiation of osteoblast. 

2. Expression vector according to claim 1, wherein 
10 consensus nucleotide sequence of osteoblast specific 

factor binding element 2 is oligomer of nucleotide 
sequence represented by SEQ. ID. N0:1. 

3. Expression vector according to claim 2, wherein 
15 oligomer is 6XOSE2 represented by SEQ. ID. N0:2- 

4. Expression vector according to claim 1, wherein 
reporter gene is selected from a group consisting 
lucif erase, p-galactosidase, GFP {green fluorescent 

20 protein) and CAT (chloramphenicol acetyltransf erase) . 

5. Expression vector according to claim 1, wherein the 
expression vector is p6XOSE2-Luc vector which is 
comprising 6XOSE2 oligomer and lucif erase gene. 



25 



6. Transfected cell line constructed by transfection of 
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expression vector of claim 1 to host cell. 



7. Transfected cell line according to claim 6, wherein 
host cell is selected from a group consisting MC3T3- 
5 El, ROS 17/2.8 and C2C12 cell lines. 



8. Transfected cell line according to claim 6, wherein 
it is constructed by transfection of p6XOSE2-Luc 
expression vector to C2C12 cell line (Accession No.: 
10 KCTC 0929BP) . 



9. Method for measuring the quantity of Runx2 
expression by measurement of luciferase activity in 
transfected cell line of claim 6. 

15 

10. Method for screening of osteogenesis stimulating 
materials by measurement of Runx2 expression after 
treatment of "^^^ chemical compounds and natural 
products . 

20 

11. Method for screening of signal transduction pathway 
which can increase the expression of Runx2 mRNA ro 
can activate Runx2 protein via FGF signal 
transduction pathway using transfected cell line of 

25 claim 6. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 6 
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FIG. 7 
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FIG. 9 
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FIG. 12 
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FIG. 14 
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FIG. 15 
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SEQUENCE LISTINGS 



<110> RYOO, HyuiHifo 
EIH, Jung-KeuD 
OSCOIBC INC. 

<120> Transfected cell line which can be used for mass screening of the 
expression of osteoblast specific transcription factor Runx2 and 
use thereof 

<130> lfpo-11-04 

<160> 2 

<170> Ropatentiri 1.71 

<210> 1 

<211> 28 

<212> mk 

<213> Artificial Sequence 



<210> 2 
<211> 168 
<212> DNA 

<213> Artificial Sequence 
<220 

<223> 6xOSE2 sequence 
<400> 2 

ccgggctgca atcaccaacc acagcatccc gggctgcaat caccaaccac agcatcccgg 60 
gctgcaatca ccaaccacag catcccgggc tgcaatcacc aaccacagca tcccgggctg 120 
caatcaccaa ccacagcatc ccgggctgca atcaccaacc acagcatc 168 



<220> 
<223> 



0SE2 sequence of mouse osteocalcin promoter 



<400> 1 

caggctgcaa tcaccaacca cagcatcc 
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